This paper examines potential explanations for recent declines in teenage pregnancy in England. We estimate panel data models of teenage conception, birth and abortion rates from regions in England. Although point estimates are consistent with the promotion of long acting reversible contraception (LARC) having a negative impact on teenage pregnancy rates, the effects are generally small and statistically insignificant. In contrast, improvements in educational achievement and, to a lesser extent, increases in the non-white proportion of the population are associated with large and statistically significant reductions in teenage pregnancy.
Is education the best contraception: the case of teenage pregnancy in

England?
Introduction and Background
In recent years, teenage pregnancy rates in England have decreased significantly and a number of potential explanations have been proposed. The first and most obvious is increased promotion of long acting reversible forms of contraception (LARCs). LARCs have the advantage over other birth control methods in that, once administered, their efficacy is no longer reliant on the user (Winner et al, 2012) . However, the effect of policies to promote LARC will depend not only on the effectiveness of LARCs for individuals, but also on whether the promotion creates unintended consequences amongst the population. For example, economists such as Ackerlof, Yellen and Katz (1996) have argued that access to more efficient birth control methods may lower the effective costs of risky sexual behaviour and, hence, increase unintended pregnancy rates.
Another possible explanation for the downward trend in teenage pregnancy is the significant improvement in measures of school-level outcomes in England, particularly in areas characterised by high levels of deprivation. An increased proportion of young people remaining in education after the statutory school leaving age is likely to increase the opportunity cost of early pregnancy and, hence, may contribute to lower teenage pregnancy rates. In addition, England has experienced high levels of immigration among groups that may be at a lower risk of very early pregnancy (for example due to relatively high religious observance), whilst there has also been a notable decrease in alcohol consumption amongst young people, a factor that is known to be highly correlated with early pregnancy.
In this paper, we use panel data from nearly 100 areas in England to estimate the impact of some of these factors in explaining changes in conceptions, births, and abortions amongst teenagers. In the next section of the paper, we summarise the key findings from previous research on the determinants of teenage pregnancy. In section 3, we explain recent trends in teenage pregnancy in England and associated policy responses. In section 4, we introduce our methodology and data, while in the final two sections of the paper; we discuss our econometric results and draw out some implications for future research.
Existing Evidence on the Determinants of Teenage Pregnancy
There is a large body of literature examining the determinants of adolescent pregnancy and abortion rates. Some form of consensus exists that indicate socio-economic and demographic factors are important in explaining differences in rates between areas and over time. In particular, high rates of early pregnancy have been found to be correlated with factors such as poverty, deprivation, low educational achievements, unstable family structures, religion and ethnicity (Adamczyk and Felson, 2008; Akers, 2011; Blackman, 2013; Evans et al, 1992; Girma and Paton, 2011; Paton, 2002) .
The evidence on more direct determinants such as sex and relationship education (SRE) and contraception is more nuanced. There is little doubt that decreases in adolescent pregnancy rates are associated with both reductions in sexual activity and increases in contraceptive use (see, for example, Santelli et al, 2007 and Mohn et al, 2003) . However, the effect of policy interventions in these areas has been harder to establish. For example, although Wilkinson et al (2006) found expenditure on the 1999 English Teenage Pregnancy Strategy was associated with lower under-18 conception rates, they also found specific measures such as high quality SRE or contraceptive access not to be associated with reductions in conception rates. In a review article, Imamura, Tucker, Hannaford et al (2007) conclude "evidence that access to services in itself is a protective factor remains inconsistent" (p.630). More recently, Blackman (2013) found that, "dedicated planning to tackle high teenage conception rates appears to make things worse" (p.69).
Looking specifically at school-based sex and relationships education (SRE), Oettinger (1999) provides evidence that, amongst some sub-groups, teenagers who were exposed to school-based SRE experienced slightly higher pregnancy rates than those who were not exposed. In contrast, Kohler et al. (2008) found SRE to be associated with lower self-reported pregnancy rates amongst teenagers. Other researchers conclude that SRE has little or no significant effect on adolescent fertility (DiCenso et al, 2002; Sabia, 2006; Stephenson et al., 2008; Cavazos-Rehg et al, 2012) .
The evidence on improving access to birth control is similarly ambiguous. A range of population-level studies and randomised controlled trials (RCTs) from both the USA and the UK (e.g. Arcidiacono et al, 2012; Paton, 2002; DiCenso et al., 2002; Evans et al, 1992) have found little evidence that better access to birth control services reduces teenage pregnancy rates, particularly amongst younger age groups, although there is some evidence that services are associated with fewer adolescent births (Kearney and Levine, 2009) but more abortions (Wilkinson et al., 2006) . A number of studies (Durrance, 2012; Girma and Paton, 2011, 2006; Raymond et al, 2007) have focused specifically on access to emergency birth control (the 'morning after pill') but these have been unable to find any effect in terms of reductions in unwanted pregnancy or abortion. Much of this work has emphasised how some policy interventions aimed at mitigating the effects of risky sexual activity have the potential to increase the aggregate level of risky behaviour amongst adolescents (see also Klick and Stratmann, 2008) .
Evidence regarding the impact of LARC promotion to teenagers is much more limited. Peipert et al (2012) examined the effect of promoting LARCs amongst adolescents in St. Louis, Missouri and found a subsequently low rate of teen births relative to the general population. However, their sample comprised teens who wished to avoid pregnancy. Given that at least some teens in the general population will be actively seeking to give birth, it is difficult to make inferences from this study about the impact of LARC promotion at the population level. Indeed to date, no empirical study has examined the extent to which promotion of LARCs leads to reductions in unwanted pregnancy rates amongst adolescents.
This represents a significant gap in our knowledge.
Teen Pregnancy in England
Teen pregnancy rates in England are amongst the highest in the western world. Throughout this period, a key policy focus has been to increase access to family planning services for young people. In recent years there has been a particular focus on LARCs. In 2005, the National Institute for Health and Care Excellence (NICE) published new guidelines encouraging the promotion of LARCs. This was followed up in 2008 by a further directive from the Department of Health aimed at encouraging local areas to promote the use of LARCs amongst young people (Hairon 2008). As a result of these initiatives, the relative take-up of these forms of birth control amongst teens has increased steadily. For example, in 2004 which is the earliest year family planning data are reported for under-18s, just 6% of under-18 year olds accessing family planning clinics in England were provided with LARC compared to 34% being given condoms. As shown in Figure 2 , by 2012, the percentage using LARCs had more than doubled, whilst the percentage provided with condoms had decreased by over 10%.
Looking at the other potential explanatory factors for the decrease in teen pregnancies, there has been a significant increase in the proportion of 16 and 17 year olds staying in full-time education (see Figure 2) , along with associated improvements in educational outcomes. Given the consensus regarding the role of education in delaying pregnancy, it is plausible that this has played a role in lower teenage pregnancy rates. There has also been significant demographic change in many areas. For example, Figure 2 illustrates that the non-white proportion of the population aged 15-17 has increased nationwide from just over 11% in 2004 to more than 16% in 2012. To the extent that recent immigrants are from communities that are at lower risk of very early pregnancy (for example due to relatively high religious observance), this trend may also have contributed to lower teenage pregnancy rates. Indeed, Blackman (2013) notes that decreases in teenage pregnancy rates in England have been most marked in areas with high levels of black and ethnic minority populations. Additionally, if such groups have relatively high educational aspirations, any effect on teenage pregnancy rates, may be felt indirectly through better educational outcomes.
The final factor is a more general decrease in risky behaviour which has been observed amongst teenagers. Annual surveys carried out on teenagers in England suggest that drug, alcohol use and smoking have all decreased significantly over the past 10 years (Fuller, 2013) . Figure 2 shows the percentage of 11-15 year olds in these surveys who report using drinking alcohol within the past week had dropped from 23% in 2004 to just 10% in 2012.
Given the noted correlation between alcohol and early pregnancy, this appears to be another possible explanatory factor for the recent reduction in pregnancy rates. Rashad and Kaestner (2004) argue that, although alcohol use is strongly correlated with early sexual activity and pregnancy, research to date has failed to confirm that there is a causal effect. Rather,. There may exist other social trends which are at the root cause of the general decrease in teen risky behaviour. Indeed, it is notable that the rise in importance of online social networking has occurred over a very similar time period and it is not implausible that virtual social interactions have, to some extent, crowded out physical interactions.
Given that many of these changes have happened over the same period, it is hard to infer from national data which, if any, has played a causal role. The fact that much of the expenditure on the English Teenage Pregnancy Strategy was devolved to the local level, with each area having the discretion to set their own priorities, has meant that local data are likely to be helpful in disentangling at least some of the effects. For example, there has been considerable variation (both over time and across areas) in the promotion of LARCs and in achieving improvements in educational outcomes and this variation should aid in the identification process.
We now go on to explain in more detail the available data and methodological approach we used to disentangle different explanations of the decrease in teenage pregnancy.
Data and Methods
Data
Our unit of analysis is higher tier local authorities in England. This allows us to use data from publicly funded family planning clinics in each area. In some cases, these data are only available (at least on a consistent basis over time) at an aggregate level for several local authorities combined. In these cases, we combine two or more local authorities leading to a sample of 97 distinct areas. We have annual data available from 2004 until 2012. Allowing for a few missing observations, our data set includes 872 observation points.
Pregnancy data in England is of high quality relative to many other countries. There are legal requirements for the reporting of live births and abortions. The Office of National Statistics (ONS) provides estimates of the time of conception in each case in order to generate annual conception rates for each local authority in the country by age at conception.
The ONS also break down the data into conceptions ending in abortion and those ending in live births. Our main unit of observation is under-18s as this was the key target group for the English Teenage Pregnancy Strategy. We also estimate separate models for under-16s (16 being age of consent in England) and for 16-17 year olds. For under-16s we use the female population aged 13-15 as the denominator. Here, we focus primarily on the clinic-based indicator. There are several reasons for this decision. In the first place, the clinic data are reported for under-18 year olds (and also for under-16 and 16-17 year olds) whereas the GP data are only reported for all age groups combined. Also, there is survey evidence that indicates adolescents are relatively more likely than adults to obtain birth control from clinics (especially those aimed specifically at young people) than from GPs (Lader, 2008) . Further, the GP data series only goes back to 2008, whereas the clinic level data is available from 2004. More fundamentally, as the clinic indicator measures the take-up of LARCs relative to other forms of birth control (primarily condoms and the pill); it will more closely reflect the promotion of LARC. An indicator based on the rate of take-up per population will not only reflect promotion but also other supply-side effects (e.g. a general cut back or expansion of family planning clinics in an area) that are not specific to LARCs as well as demand-side effects. For example, an independent increase in sexual activity (or an increase in the desire to avoid pregnancy) may lead to a higher uptake of all family planning methods, not just LARCs, that is unrelated to any policy to promote its use. That said, we do report results including the GP measures for the time period in which these data are available. For comparison, we also report estimates using the rate of clinic-based LARC take-up per population.
The clinic LARC data are published at primary care trust (PCT) level by the Department of Health (DoH) and are then mapped to local authority level. Birth control methods classified as LARC include IUDs, implants and birth control injections. A potential complication is that, in some cases, young people may obtain LARCs from a clinic in an area different to their authority of residence. To control for this, we also include the average of the LARC measure across each of the adjoining local authorities (LARC neighbour). We also conduct a specification check in which we exclude all local authorities in London, a region in which cross-border travel is especially common. A particular issue here is the case of Brook Advisory Centres. Brook is a significant provider of birth control services to young people. Although Brook is included in the community clinic data, the returns for London Brook are not broken down by the different boroughs. We allocate data from Brook to London boroughs in proportion to the relevant population.
In addition to our measures of LARC promotion, we include a dummy variable to indicate whether the area has a scheme providing emergency birth control at pharmacies free of charge to young people (Pharmacy). For the early years of our sample, we also control for access to birth control more generally by including the rate of specialist young people's family planning clinics in each area (Clinic). There are no suitable data which measure local changes in SRE provision over time. Hence, we rely on year-and area-fixed effects to capture this and other, unobservable factors for which annual data are unavailable.
A related issue is 'policy endogeneity' in which efforts to promote LARC are correlated with current or pre-existing trends in conception rates. In such an event, year and area fixed effects may not provide sufficient controls. For this reason we also report models with area-specific time trends. The downside of this approach is that it places very high demands on the data when there may be insufficient residual variation to identify effects of particular variables. We report a further specification in which we include lagged changes in conception rates. This variable (Pre-trend) is defined as the three-year moving average of lagged growth rates in teen conceptions where the most recent period (t-1) is given a weight of 1/2 with periods t-2 and t-3 having weights of 1/3 and 1/6 respectively.
To measure educational outcomes, we include the three-year running average of the percentage of school pupils achieving five or more GCSE qualifications at grade C or above (GCSE). This is one of the main indicators of performance at the standard school leaving age in England. Our measure of ethnicity is the proportion of the population of relevant age that are non-white (Non-white pop). As census-based data on race or ethnicity are not available on any consistent basis, we construct this measure using data published by the Department for Education for pupils in the final year of compulsory schooling. We also attempt to measure the impact of alcohol use amongst teens by including data published by Public Health England on the rate of hospital admissions by under-18s in each local authority (Alcohol), although these data are only available for the later years of our sample.
Finally, we include two other socio-economic variables: annual proportion of children of each age group in local authority care (Care) and the unemployment rate for females aged under 20 (Unem). Children placed in care are known to be at an enhanced risk of adverse outcomes in a range of areas including low educational attainment, substance abuse, early sexual activity and teenage pregnancy (Social Exclusion Unit, 1999) . A high youth unemployment rate implies fewer workplace opportunities and, consequently, a lower opportunity cost of early pregnancy. As a result, we would expect both variables to be positively associated with teenage conception rates.
Statistical methods
In this section, we describe the empirical approach to identify the effects of LARC on teenage conception rates and related outcomes (i.e. abortion and birth rates). Our basic approach is to test whether those areas of England which have promoted LARCs most heavily have experienced decreases in teenage pregnancy relative to the national average.
We specify the following panel data model of the determinants of conception with area firmspecific heterogeneity and time effects:
where i and t index local authority areas and time periods respectively. The dependent variable CON denotes the number of conceptions ending in maternities or abortion to the relevant age group resident in each local authority per 1000 women. In our baseline estimation we consider conception rates for under-18 year of age. This will subsequently be divided into conception rates by under 16's and 16 and 17 year olds. X is a vector of regressors hypothesised to impact on our dependent variable as discussed in the previous subsection. On the other hand, f denotes time-invariant area-specific heterogeneity; d is a vector of year dummies and is a random error term which is allowed to exhibit heteroscedasticity as well serial correlation by clustering on local authorities. In all cases we use (female) population weighted regressions.
Panel Data Estimates of Teenage Pregnancy
Main Results
We report some descriptive statistics in Table 1 , including summaries of the crosssectional (between) and time-series (within) variation of each of our key variables. Recalling that the fixed-effects models rely on time-series variation to identify the impact of each variable, note that most of the time-varying variables display a considerable amount of 'within' variation.
The baseline estimates of the models for under-18's are reported in Table 2 For the whole time period, there is very little evidence that LARCs are associated with fewer teenage pregnancies. Although the coefficients on the clinic LARC variable are negative (implying that promotion of LARCs leads to fewer pregnancies), none are statistically significant at the 5% level and they imply fairly small effects. For example, the coefficient for conceptions using the whole time period (-0.074) implies that an increase in the proportion using LARCs of 10% from its mean of 9.639 would reduce the mean value of conceptions for this group by less than 0.2%. The magnitude of the coefficient is a little larger in the early time period, whilst, for the most recent period, the coefficient is actually positive though of negligible magnitude. The coefficients on LARC promotion in neighbouring areas and on the GP LARC measure (reported for the later period only) are also small in magnitude, vary in direction, and rarely approach statistical significance.
Coefficients on the other birth control variables are generally negative but never close to statistical significance, consistent with previous work (Girma and Paton, 2011; Durrance, 2012) . In contrast, our indicator of educational performance is significantly associated with lower teenage pregnancies and the estimated effects are large. For example, a 10% increase in GCSE implies a reduction in the teenage conception rate of about 8%. Given that, at a national level, the numbers achieving five good GCSEs have increased by about 50% since 2004, this factor alone has the potential to explain a large proportion of the recent decrease in teenage conceptions. The effect is larger for births than abortions, a result which is consistent with expectations: to the extent that giving birth is an impediment to continuing with studies to a higher level, improved educational achievement should increase the opportunity cost of giving birth, but not necessarily of having an abortion, at a young age. Finally, the effect of education is strongest for the later time period when pregnancy rates were falling fastest.
Increases in the non-white proportion in the population are also associated with significantly fewer teenage pregnancies. In terms of the magnitude of the effect, a 10% increase in the non-white population is associated with a decrease in the under-18 conception rate of just under 2%. The effect of this variable appears to be more important in the earlier time period. However there is a fairly high degree of collinearity between Non-white and GCSE. When the latter is excluded, the coefficient on Non-white is significant even in the later time period. An obvious explanation is that the non-white proportion in the population influences teenage pregnancies through the relatively high value new immigrant groups place on education. A further issue may be the significant increase in new immigrants amongst the white population in recent years. Unfortunately data availability does not allow us to explore the latter issue satisfactorily.
The coefficient on our measure of alcohol (available for the later period only) is positive but never close to statistical significance. We also find a positive association between female unemployment and conception rates, although the effect appears to be strongest in the earlier time period. Finally, the rate of children in care is positively associated with conception rates, but only significantly so for the later time period.
Specification Checks
We now go on to report a number of alternative specifications to explore the robustness of these findings. In Table 3 , we report results estimated separately for older (16-17's) and younger (under-16's) age groups using the full time period. The results in both cases are similar to those for under-18s. One exception is that the coefficients on non-white are not statistically significant (though still negative) for the under-16 group.
In Table 4 , we report several other specifications again using the full time period.
First, as a further check for the effect of cross-border travel, we exclude any area within London (where the problem of teenagers in one area accessing family planning services in an adjacent area is likely to be most pronounced). In fact, the results are very similar with and without London. We are still unable to identify any significant impact of LARC on teenage pregnancy rates, whilst we continue to find strong links with educational performance and the non-white population.
The next two specifications attempt to control for policy endogeneity. We first add in area-specific time trends to the baseline model. In this case, the point estimate of the coefficient on LARCs for conceptions is a little lower than in the baseline models. However, the coefficient for births is now negative and statistically significant at the 5% level. In an alternative approach to the issue, we include lagged growth in conception rates (as described above). This variable is strongly significant but its inclusion does not materially change the estimated effect of the other variables.
The next experiment is to estimate the baseline model using the take-up of LARCs relative to the total population (rather than relative to women being given contraception at family planning clinics). In contrast to the other models, the rate of LARC take-up is associated with significant decreases in teenage conceptions and births (though not abortions). Even here, the magnitude of the estimated effect is insufficient to explain much of the observed decreased in teenage pregnancies over the period. For example, a 10% increase in the rate of LARC use at community clinics is associated with a reduction in the under-18
conception rate of about 0.3%.
In Table 5 , we repeat the robustness checks from Table 4 , but estimated separately for the early and later time periods. For reasons of space, we only include the estimates for conceptions. The results are generally consistent with those reported in the baseline models in Table 2 .
In the final table of results, we explore whether any effect of LARC promotion is moderated by our measures of educations outcomes and non-white population. We do this by supplementing our baseline model with two interaction terms. We find some evidence of a moderating effect for GCSE results, but not for the non-white population. Specifically, the main effect for LARCs is still negative but now somewhat larger in magnitude than previously. In contrast, the coefficient on the interaction term with GCSE results is positive and statistically significant. The interpretation is that, at the lower levels of educational outcomes, promotion of LARCs has a negative impact (i.e. teenage conceptions decrease) but a positive impact when educational outcomes are better. However, the magnitudes of the effects are still small and only marginal statistically significant. Further, when we split the sample up, the effects are larger in the earlier time period than in the more recent period when conception rates were falling fastest.
Discussion and Conclusions
Decreasing teenage pregnancy rates in England since 2008 have coincided with trends in several potential explanatory factors. Most obviously, family planning policy in England has shifted towards heavy promotion of long acting reversible methods (LARCs) which are likely to have much lower failure rates than the pill and condoms. At the same time, we have seen notable improvements in indicators of educational outcomes, significant demographic change in many areas and lower rates of alcohol use amongst young people. In this paper, we have sought to identify the relative importance of these trends in explaining changes in teenage conception rates using panel data from local areas in England.
Although we find that promotion of LARCs as measured by official indicators are generally associated with lower teenage pregnancy rates, the point estimates are small in magnitude and of marginal statistical significance. Further, any effects appear to be even smaller in the period since 2008 when conception rates have fallen fastest. We find some evidence that promotion of LARCs has more of an effect on teenage births than abortions and in areas with poorest educational outcomes. Even in these cases, the magnitude of the effects is too small and uncertain to satisfactorily explain much of the overall decline in teenage pregnancy. As this is the first study directly to test the impact of the promotion of LARCs on adolescent pregnancy, it will be important to see whether this result is replicated in other settings and with other research designs. However, the results in this paper are consistent with the literature on emergency birth control (EBC) which similarly conclude that access to EBC has, at best, a very small impact on unwanted pregnancy or abortions (Raymond et al, 2007; Girma and Paton, 2011; Durrance, 2012.) .
In contrast, and consistent with previous work (Girma and Paton, 2011) we find strong evidence that educational performance is associated with lower pregnancy (and especially birth) rates. We also find that increases in the non-white population in an area are associated with lower teenage pregnancies. Although this latter result is not particularly robust to alternative specifications such as estimating the sample separately for an early and late time period, it is consistent with Blackman's (2013) observation that reductions in teenage pregnancy rates have been dominated by areas with high number of ethnic minority residents. Our measure of alcohol is not found to be significantly associated with adolescent conceptions.
Our results have several policy implications. Our finding that promotion of LARCs is unable to explain much if any of the recent reduction in teenage pregnancy somewhat undermines the heavy emphasis on these forms of birth control by policy makers in recent years. In contrast, our results provide justification for policy approaches which seek to tackle underage pregnancy by focusing on more general issues such as deprivation and opportunity, particularly in regard to education. Our finding that demographic change may have played a role in reducing teenage pregnancy rates casts an interesting perspective on the immigration debate. Although rapid immigration may be associated with short term problems relating to integration and social change, our results are consistent with recent waves of immigrants providing an impetus for improvements in long term measures of deprivation.
There are a number of caveats to our results. In the first place, our study design relies on fixed effects (both area and time) to identify the effect of each variable. It is possible that differential non-linear time effects across areas could obscure the true effect of, for example, LARCs. Further, although we would expect to identify any significant effect of promotion of LARCs in our approach, to be confident that there has been no impact, it would be useful to complement this research with approaches based on natural experiments or randomised controlled trials. We must also be careful before interpreting the relationship between educational outcomes and teenage pregnancy as directly causal. It is possible that there are other underlying factors which explain both why young people are less likely to leave school with no qualifications and are less likely to get pregnant early on. Indeed, the evidence that risk-taking amongst young people has reduced over a number of dimensions (smoking, drinking and drug-taking) is suggestive of a more systematic shift in teenage behaviour.
Future research could usefully take on the challenge of attempting to identify the root cause of these changes. 2004-2007 2008-2012 2004-2007 2008-2012 2004-2007 2008-2012 2004-2007 2008- 
